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The similarities  between the renal lesions  produced experimentally by im- 
munologic  means and those seen in  the  course of human  glomemlonephritis 
have long been emphasized.  The glomerular lesions  demonstrated by Dixon, 
Feldman,  and Vazquez in rabbits which were constantly exposed to a  small 
excess of circulating foreign protein have provided a new model of the human 
disease  (1).  The  data  reported here  are  an  extension  of these observations, 
utilizing ferritin-eonjugated antibodies to aid in following the immunopathology 
of the disease presumably produced by immune complexes. 
Materials and Methods 
Bovine  serum  albumin (BSA)  I  was  diluted  with  0.85  per  cent  sodium  chloride  and  injected 
intravenously  in  male albino  rabbits  about 2.5  kg in  weight,  according  to  the procedure de- 
scribed  by  Dixon, Feldman, and  Vazquez (I).  The injections  were  given  six  times  a week and 
the  animals  were  bled  once  each  week  in  order  to  determine  by  the  predpitin  reaction  whether 
BSA or  anti'body  to  BSA was in  excess.  The amount of  antigen  subsequently  given  was ad- 
justed  to maintain a ratio  of antigen  to antibody in the circulation  near equivalence  or in 
slight  antigen  excess.  Renal biopsy  was  performed in  most animals shortly  after  the appear- 
ance of a proteinuria  exceeding 1.0 gm per cent.  Renal tissue  obtained either  at biopsy or 
autopsy were  prepared  in  four  ways:  one  part  was  fixed  in  Zenker's  solution  for  study  by  light 
microscopy;  a second  was quick-frozen  and stored  in  a COs  box  for  subsequent staining  with 
fluoresccin-labeled  antibody to  BSA or  rabbit  globulin;  a third  was  fixed  in  osmium tctroxlde 
and embedded in methacrylate  for  electron  microscopy;  and a fourth  part was briefy fixed 
(20 minutes) in cold  3 per cent  formalin  buffered  with  phosphates at pH 7.2,  treated  with 
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ferritin-labeled antibody to BSA or rabbit globulin, washed, fixed in osmium tetroxide, and 
embedded in methacrylate  according to methods previously described (2, 6).  ~ 
Two other anthem were used as controls: ferritin-conjugated  antibody to pneumococcus 
Type II and to rat globulin. 
RESULTS 
The findings to be presented here were obtained from twenty rabbits which 
were under observation during a period of 2 to 8 months. On the basis  of their 
immunologic response to BSA  the animals fell  into three groups: 
In the first  group, consisting  of eight  animals,  there  developed after  2 to 3 weeks a 
rise  in antibody titer  necessitating  an increase  in the amount of  BSA injected  in order 
to maintain a state of antigen-antibody equivalence. After 4 to 10 weeks a plateau was 
reached where there was little variation in the amount of antigen  (30 to 90 mg per 
diem) required. Antibody production remained high for variable periods of time, but 
in all surviving rabbits it eventually decreased. Text-figs.  1 to 4 show the course of 
injections of BSA given to four rabbits of this group, which will be illustrated below. 
Coincidentally  with  achieving  antigen-antibody  equivalence,  marked  proteinuria 
developed. 
The second group, containing six rabbits, rapidly produced large amounts of anti- 
body. It was necessary to raise continuously the amount of BSA injected. When 60 
to 100 mg of BSA per day were injected signs of anaphylactic shock appeared during 
the injections.  The animals lost weight and appeared sick.  Within 2 to 4  months all 
six rabbits had  died.  Text-fig. 5 presents  the data on one of these  animals,  rabbit 
6-6. 
The  remaining  six  rabbits  (group  III)  failed  to  make  demonstrable  antibody. 
The animals were followed for 4  to 8 months and  although the daily injections of 
BSA were reduced to as little as 0.25 mg per diem no antibody excess  was found. 
The first seven micrographs illustrate some of the glomerular lesions  encountered 
in  rabbits  maintained  in  equivalence  or in  slight  antigen  excess  (group  I).  Fig.  1 
shows a renal biopsy section from rabbit 5-6 (Text-fig.  1) as seen in the phase con- 
trast microscope. The membranous lesions  are characterized by irregular thickenings 
on the epithelial side of the basement membrane. In Fig. 2 the light microscope pic- 
ture illustrates  similar membranous lesions  in rabbit 7-2  (Text-fig. 2)  which was in 
antigen-antibody equivalence for 1 month. In Figs. 3 to 5 the electron micrographs 
show the glomerular fine structure of  rabbit  7-2. In Fig. 3 the arrow indicates elec- 
tron-dense material  which has been  deposited on the epithelial  side of the lamina 
densa. Fig. 4 illustrates another capillary loop from the same animal. The luman (c), 
on the left part of the field, is occupied by the endothelial nucleus (n) and the swollen 
endothelial  cytoplasm  (EN).  Between  the  endothelium  and  the  epithelium  (EP) 
there  are electron-dense  deposits  (dep) which made identification  of the  basement 
membrane difficult.  In Fig. 5, showing a  section of the same kidney tissue stained 
Fixation and the particular  handling of the tissue necessary for the preservation of anti- 
genidty and permeability  to ferritin-antibody  conjugates account  for the presence of arti- 
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with periodic acid-silver-metheuamine (3), a capillary loop is situated in the center 
(¢). In the capillary wall two argentophilic components may be distinguished:  the 
basement membrane  (arrows)  and  the  deposits  (dep).  Movat  and  McGregor  (4) 
have described  such deposits situated between the lamina densa and the epithelial 
cytoplasm (EP) in human nephritis. Figs.  6 and 7 illustrate glomeruli  of rabbit 7-5 
(Text-fig. 3) which  developed uremia and had lesions of chronic glomerulonephritis. 
Fig. 6 is a light microscope picture showing capillary loops distorted and compressed 
by proliferation and scarfing which  almost completely obliterate Bowman's space. 
Fig. 7 is an electron micrograph in which the capillary lumen (c) is visible in the cen- 
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TExT-Fro.  2. Rabbit 7-2, injected with BSA 6 days per week, total 1.048 gm as described 
for rabbit 5-6, Text-fig. 1. A renal biopsy was taken on the 71st day of the experiment, 4 
weeks after  the  amount of BSA injected had  been  adjusted to  maintain equivalence or 
slight antigen excess. 
tral  and  right  part  of  the  picture.  The  electron-dense  material  extends  between 
sheets of epithelial cytoplasm (EP), resulting from fusion of the foot processes,  and 
seems to be in direct contact with the urinary space (S). 
The following three figures illustrate the results obtained by electron microscopy 
of the kidney cortex of nephritic rabbits 7-2 and 6-3 of group I, treated with ferritin- 
conjugated antibody to BSA. Fig. 8 shows an oblique section through a capillary wall 
of rabbit  7-5.  The endothelium  (EN)  contains  electron-dense  material tagged by 
ferritin-conjugated antibody to BSA. Ferritin granules are also localized in the glomer- 
ular basement membrane (BM). Only a few ferritin granules are visible in the epi- 
thelial foot processes  (EP), Fig. 9 shows a  glomerular capillary wall of rabbit 7-2 
containing deposits (dep) situated between the basement membrane (BM)  and the 
epithelial  cytoplasm (EP). In  the  deposits  two  distinct  components are  evident' 
the  aggregates  of  greater  electron-density,  which  are  heavily  tagged  by ferritin- AND]RES~  SE]~GAL~  IISU~ ROTIIEI~-BERG~  AND  CIIAPEAU  695 
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conjugated antibody to BSA, and the lighter material in which fewer ferritin granules 
are  localized.  Ferritin-conjugated antibody  contributes  to  definition  of  basement 
membrane because of the stippling with ferritin. The insert illustrates a frozen section 
from the same kidney tissue cut in a  cryostat and stained with fluorescein-labeled 
rabbit antibody to BSA. Fluorescence is mainly localized along the capillary walls 
in irregular clumps, which contrast with the uniform staining seen in glomerulonephri- 
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TExT-FIG. 4. Rabbit 6-3, injected with BSA 6 days per week, total 2.45 gm as described 
for rabbit 5-6, Text-fig. 1. Antibody production started off at a moderate rate comparable to 
that illustrated previously,  but accelerated sharply in the 8, 9, and 10th weeks. It then dropped 
precipitously. This required constant adjustment of the amount of bovine serum injected. 
From the 10th to the 17th week, when a biopsy of the left kidney was taken, antigen excess 
was present in the circulation. 
tis produced by injection of nephrotoxic serum (5). Fig. 10 shows a cross-section of a 
capillary wall from a  renal biopsy of rabbit 6-3 (Text-fig. 4). From the right to the 
left are the capillary lumen (c), the thin endothelial layer (E2V), and the basement 
membrane  (BM)  whose  epithelial side is  covered  by a  deposit (dep)  of  electron- 
dense  material.  In  the  deposit,  electron-dense aggregates  are  tagged  by  ferritin- 
labeled antibody to BSA. The basement membrane is also heavily tagged, and scat- 
tered ferritin granules are present in the epithelium, in the endothelium, and in the 
less dense material of the deposit. 
The renal tissues obtained from rabbits of group I  also were stained with ferritin- 
labeled antibody to rabbit globulin. The tagging of the electron-dense deposits by this 
antiserum was, at best, very light compared to that seen in the tissues with the ferri- ANDRES~ SEEGAL~ HSU~ R0'J.'II~IqBERG)  AND CHAPEAU  697 
tin-conjugated antibody to BSA. Parallel  studies with fluorescein-labded antibody 
also demonstrated relatively poor "staining" of rabbit: globulin as is illustrated in the 
following figures.  The glomemhis  in Fig.  11  is  from rabbit 7-5  and  is  "stained" 
with  fluorescein-labeled antibody to BSA.  Fig.  12  shows a  section from the  same 
kidney in which two glomendi are "stained" with labded antibody to rabbit globulin. 
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T~xT-Fzo. 5. Rabbit 6--6, injected with BSA 6 days per week, total 1.815 gm as described 
for rabbit 5-6, Text-fig.  1. Antibody production  by this rabbit was so rapid  that antigen 
never was in excess in the circulation. The amount of BSA injected had to be reduced because 
of symptoms of anaphylactic shock, and death from this cause occurred on the 81st day of the 
experiment. 
In both instances fluorescent antibody appears to be bound in the areas of the base- 
ment membranes. The difference in intensity of fluorescence revealed in these pictures 
was representative  of the results obtained in the other rabbits of this  group. This 
problem was investigated by the following procedure. Dilutions  of unlabeled  anti- 
body required to block subsequent  "staining" with specific  fluorescein-labeled anti- 
body were determined on serial sections of kidneys from rabbits of group I, according 
to the technique described in reference 5. It was found that even undiluted antibody 
to BSA failed to block completely subsequent "staining" with the fluorescein-labeled 
antibody while a  1 in 5 or a  1 in 10 dilution of unlabeled antibody to rabbit globulin 698  NEPHRITIS  STUDIED  WITH  FERRITIN-CONfUGATED  ANTIBODY 
was sufficient  to  block fluorescent  "staining."  These findings  suggested  that  little 
rabbit globulin was available to bind  the specific labeled antibody (see Table I). 
Rabbits which were in antibody excess (group II) eventually died from anaphylaxis. 
The following five figures illustrate sections of kidney tissue from rabbit 6-6 (Text- 
fig. 5)  which died in anaphylactic shock 11 weeks after the start of the experiment. 
The section seen in Fig.  13 was "stained"  with fluorescein-labeled rabbit antibody 
to BSA; that illustrated  in Fig.  14 with duck antibody to rabbit globulin.  Brightly 
TABLE I 
Summ~y of Ir#munologiv Sta~s of Rabbits 
Renal lesions and "st~i~ing" for antigen and antibody. 
II 
III 
Renal lesions 
Membranous 
nephritis 
Acute nephritis, 
precipitate in 
capillaries, and 
anaphylactic 
death 
No lesions seen 
Relationship between antigen (BSA) and sntibody, 
rabbit globulin, in serum sad glomeruli 
Serum  Glomeruli 
BSA and 
anti-BSA 
Equivalence 
or anti- 
gen ex- 
cess 
Ant/- 
BSA 
++ 
++ 
Ferritin-  Fluorescein- 
conjugated  conjugated 
Anti-  Anti-  Anti- 
rabbit  BSA  rabbit 
globulin  globulin 
d:?  +++  + 
q-q-  ++  -b+ 
0  0  0  0 
Antibody 
excess 
No antibody 
response 
Blocking of flu- 
orescein s~,~n~ in 
glomeruli ind/c~tes 
Great excess of 
BSA  over rab- 
bit globulin 
Relatively equiv. 
alent amounts 
of BSA and 
rabbit globuiiv 
fluorescing immune precipitates are seen in the capillary lumina. Light microscopy, 
(Fig.  15, insert), shows obstruction of glomerular capillaries by hyaline material. In 
the electron micrograph (Fig.  15)  two capillaries (c)  are visible. Electron-dense pre- 
cipitates occupy most of the lumen of the one on the right. Fig.  16 illustrates the re- 
sults of treatment with ferritin-conjugated rabbit antibody to BSA. The capillary lu- 
men (c), parts of the endothelium (EAr), the basement membrane (BM), the epithelial 
foot processes (EP), and the urinary space (S)  are seen. The intraluminal  electron- 
precipitates are tagged by the ferritin-conjugated  antibody (which also is present in 
the glomerular basement membrane). Fig.  17 illustrates part of another capillary of 
the same kidney. The lumen (c) contains electron-dense precipitates in which ferritin- 
conjugated  duck  anti-rabbit  globulin  is  localized.  Some  ferritin  granules  are  also ANDR.ES  t  S:EEGAL, BSU~ ROTI~NBERG, AND CHAPEAU  699 
present in the glomerular basement membrane (BM). In the upper part of the picture 
(arrow)  a  deposit of electron-dense  material, possibly resulting from an earlier re- 
sponse to BSA, is situated between basement membrane and epithelial foot processes. 
Ferritin granules are not localized  in this area. It is thus apparent that the renal 
tissue of rabbit 6-6, dead from anaphylactic shock at the period when antibody was 
present in excess, had precipitates in the capillaries  which were stained with ferritin- 
conjugated antisera to both BSA and rabbit globulin. 
The minimum amounts of unlabeled antibody to BSA or rabbit globulin required 
to block "staining" with fluorescein-labeled  antibody were determined in four rabbits 
of group II. Undiluted antibody to BSA blocked subsequent "staining". A 1 in 2.5 
dilution  of antibody to rabbit globulin blocked "staining" with fluorescein-labeled 
antibody to this antigen.  This is in contrast to similar experiments in animals of 
group I  where only 1 in 5 or 1 in 10 dilution was required. The relative proportion 
of stainable rabbit globulin to BSA in the kidney thus was seen to be greater in ani- 
mals dying from anaphylaxis than in animals maintained in equivalence (see Table I). 
Those rabbits which did not develop antibody, despite repeated injections of BSA, 
failed to show clinical or morphological signs of renal disease  and there was no local- 
ization of BSA or rabbit globulin  in glomeruli  by immunofluorescein or immunofer- 
ritin antibody techniques. 
Controls for the  foregoing  experiments  were  carried  out  on  fragments  of 
renal cortex from normal and nephritic rabbits as follows: 
1.  Fragments of renal cortex of a normal rabbit were treated with ferritin-conju- 
gated antibody to BSA or to rabbit globulin.  There was no specific localization of 
ferritin-conjugated antibody. Fig. 18 illustrates the results of one of the experiments 
utilizing  ferritin-conjugated antibody to BSA.  One capillary wall is visible.  A few 
ferritin  granules  are present  in  the  basement membrane. 
2.  Fragments of renal cortex were treated with  ferritin-conjugated antibody to 
pneumococcus Type II or to rat globulin,  but there was no specific localization.  Fig. 
19 illustrates portions of two capillaries  (c) from rabbit 6-6 treated with the latter 
antiserum. In the capillary lumina there are electron-dense  precipitates in which a 
few ferritin granules are visible.  In the upper right comer of the picture there is a 
red blood cell (R) in which some ferritin granules may be seen. 
3.  The tagging of the renal tissue with ferritin-conjugated antibody to BSA was 
blocked by first treating the tissue with unlabeled antiserum according to the tech- 
nique already described  (6). 
DISCUSSION 
Electron microscopic studies  of acute,  subacute,  and chronic  glomemlone- 
phritis in man show  the presence of electron-dense material between prolifer- 
ating endothelial and mesangial cells, between the basement membrane and the 
endothefial cells, within basement membrane, and between the basement mem- 
brane and epithelial cells (4, 7-11). The experimental model of Dixon, Feldman, 
and Vazquez (1) provides a way to reproduce these various types of renal lesions 
in the rabbit. The observations reported here confirm their data. The immuno- 700  NEPBI~ITIS  STUDIED  V,  rXTE FEERITIN-CON.]UGATED  ANTI'BODY 
ferritin technique, employed in the study of nephrotoxic nephritis in  rats  (6) 
has been applied to the investigation of the glomerulonephritis  produced by 
the method of Dixon and his associates. 
Rabbits injected  with  BSA in  amounts  to  maintain  in  the  circulation  a 
slight excess of BSA over antibody, developed membranous glomerulonephritis. 
This condition was presumably the result of the formation of soluble BSA anti- 
BSA complexes.  It was seen that electron-dense material apparently precipi- 
tates in the blood, crosses the endothelium and the basement membrane of the 
glomerular capillaries,  and accumulates mainly between basement membrane 
and epithelial  cytoplasm in electron-dense  deposits. Ferritin-conjugated anti- 
body to BSA was bound in this material on either side of the basement mem- 
brane and also in the basement membrane proper. Evidence for the presence of 
rabbit globulin  (presumably antibody to BSA) in the deposits was not dearly 
obtained by staining  the kidney tissue with ferritin-conjugated  antibody to 
rabbit globulin. 
Some of the rabbits in great antibody excess died in anaphylaxis. The elec- 
tron-dense material precipitated in the capillary lumina was specifically tagged 
by fluorescein-  and  ferritin-conjugated  antibody  to  both  BSA  and  rabbit 
globulin;  therefore  this  material  can  be regarded  as  antigen-antibody  pre- 
cipitate. 
When fluorescein-labeled  antibody to BSA or to rabbit globulin was used to 
stain the tissues from the rabbits of group I (Table I) the presence of both BSA 
and rabbit globulin was demonstrable in the capillary wall. The rabbit globulin, 
however, was less brightly stained suggesting  that available sites for combining 
with the fluorescein-labeled  specific antibody were not so numerous as in the 
case of BSA. Data obtained by determining the minimum amount of unlabeled 
antibody required to block staining with fluorescein-labeled  antibody to BSA 
or rabbit globulin indicated a large excess of BSA over rabbit globulin in these 
regions.  On  the  other  hand,  compared  with  rabbits  of group  I,  sections of 
kidney from animals  of group  II,  dead  of anaphylaxis,  were somewhat less 
brightly stained with fluorescent antibody to BSA and somewhat more brightly 
stained  with fluorescent antibody to rabbit globulin.  From blocking studies 
with unlabeled antibody, it appeared that relatively smaller  amounts of BSA 
and relatively larger  amounts of rabbit globulin  were present in the embolic 
precipitates found in these rabbits (see Table I). This observation lent support 
to the hypothesis that the smaller amount of rabbit globulin present in membra- 
nous glomerulonephritis  accounted for the difficulty of its identification  by 
ferritin-conjugated antibody to rabbit globulin. 
Rabbits which  did not develop detectable antibody had no proteinuria  or 
morphologic  signs  of renal disease.  Fluorescein-  and ferritin-conjugated  anti- 
body to BSA and rabbit globulin failed to localize in the glomeruli.  Therefore, 
as demonstrated by Dixon,  Feldman, and Vazquez (1),  a factor determining ANDRES, SF.EGAL~ HSU,  ROTHENBERG, AND  CHAPEAU  701 
development and type of glomerulonephritis seems to be the amount of anti- 
body formed. 
Intravenous  injection  of  antigen-antibody  complexes  has  been  shown  to 
produce glomerulonephritis  (12).  Glomerular localization  occurs immediately 
after injection  (13) and without immunologic relationship  to the kidney (1). 
The  accumulation  of foreign protein between basement membrane  and  epi- 
thelial cytoplasm is probably due to the particular anatomic structure of these 
tissues specifically involved in the process of filtration. Persistence of immuno- 
logically  active components in glomeruli  may have importance in the patho- 
genesis of the chronic  disease (14). 
SUMMARY 
Acute, subacute, and chronic glomerulonephritis,  similar  in certain features 
to human  glomerulonephritis,  has been produced in rabbits by repeated in- 
jections of bovine serum albumin.  The ratio of antigen  to antibody was the 
factor determining the development and type of glomerulonephritis.  This is in 
confirmation of the observations of Dixon, Feldman, and Vazquez. 
With the aid of the ferritin antibody technique it was shown that antigen 
aggregates  (probably antigen-antibody complexes)  are present in the blood, 
cross the endothelium and the basement membrane, and accumulate as dense 
deposits between the basement membrane and the epithelial cytoplasm. 
In the deposits electron-dense  aggregates formed by antigen or by antigen- 
antibody complexes  and material  which might be other endogenous proteins 
may be identified. 
In rabbits dead of anaphylactic shock following  injection of bovine serum 
albumin,  dense material was found within glomerular capillaries,  presumably 
formed by the  embolic deposition of antigen-antibody  complexes,  since  the 
immunofluorescein  and immunoferritin  techniques demonstrated the presence 
of both BSA and rabbit globulin. 
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EXPLANATION OF PLATES 704  N~Pm~ITIS  STUDIED WITH FERRITIN-CONJUGATED  ANTIBODY 
PLATE 30 
FIG.  1. A phase-contrast photograph showing membranous lesions  in rabbit 5-6. 
The glomerular basement membranes seem  to be irregularly thickened on the epi- 
thelial side.  ×  1000. 
FIG.  2.  Glomerulus from rabbit  7-2.  The glomerular basement  membranes look 
thickened.  PAS  stain.  ×  300. 
FIG.  3.  Electron  micrograph  including  parts  of  three  glomerular  capillaries  (6) 
from rabbit 7-2. The epithelial foot processes (p) are partially fused. The arrow indi- 
cates one deposit of foreign material  which is visible on the epithelial  side of the 
lamina  densa  (BM).  Protargol  staining.  ×  15,000. 
FIG. 4. Portion of a glomerulus from rabbit 7-2. The swollen endothelial cytoplasm 
(Eft)  occupies most of  the  lumen  (c).  Between  the  endothelial  lamina  fenestrata 
and the epithelial  cytoplasm (/~P)  electron-dense deposits  (dep)  of foreign material 
make  identification  of basement  membrane  difficult.  Lead hydroxide  staining.  X 
15,000. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. 117  PLATE 30 
(Andres et  al. : Nephritis studied with ferritin-conjugated antibody) PLATE 31 
FIG. 5.  A  section of the kidney tissue illustrated in Figs. 2,  3,  and 4, was stained 
with  silver-methenamine. The capillary lumen  (c), in  the central part of the figure, 
is partially occupied by the  endothelial cell's nucleus  (n).  In  the capillary wall two 
argentophilic components are visible;  the basement  membrane  (arrows) and the  de- 
posits  (dep) which  are located between  the  basement membrane  and  the  epithelial 
cytoplasm  (E-P).  The  epithelial foot processes are  almost completely fused.  Silver- 
methenamine  staining.  X  9000. 
FIG.  6.  Glomerulus from  rabbit  7-5.  The  capillary loops are  almost  completely 
obliterated and distorted by crescents and scarring. PAS staining.  X  300. 
FIG.  7.  Electron micrograph from  rabbit 7-5. The capillary lumen  (c)  is situated 
on  the  lower right part  of  the  figure.  The  thickened basement  membrane  and  the 
deposits (BM)  extend  out  between  continuous  sheets  of epithelial cytoplasm (EP) 
resulting from  fusion of the foot processes. In  the points indicated by arrows there 
seems to be a  continuity with  the urinary space (S).  X  16,000. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. 117  PLATE 31 
(Andres eta/.:  Nephritis studied with ferritin-conjugated antibody) PLATE 32 
FIG. 8.  Cross-sectioned capillary wall  (rabbit  7  2)  formed  by  the  epithelial foot 
processes (EP) the basement membrane (BM) and the endothelial cytoplasm (EN). 
Electron-dense material containing ferritin-antibody to  BSA is localized among the 
pores (p) of the lamina fenestrata in continuity with the lumen (c), and on the endo- 
thelial side  of  the  basement  membrane.  The  latter  also  contains  ferritin granules. 
X  73,000. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL. 117  PLATE 32 
(Andres  el  a/.:  Nephritis  studied  with  ferritin-conjugated  antibody) PLATE 33 
FIG. 9.  Section of a  capillary wall from rabbit 7-2. Between the basement mem- 
brane (BM) and the epithelial cytoplasm (EP) large deposits (dep) of foreign mate- 
rial are visible. The first component of the deposits is represented by aggregates of 
greater  electron-density which are  tagged  by ferritin-conjugated antibody to  BSA. 
In the second lighter component only a  few ferritin granules are localized.  Ferritin 
localization is  also  evident in  the  glomerular basement membrane.  X 60,000. 
In the insert there is a glomerulus from the same rabbit kidney, frozen in a carbon 
dioxide-butyl alcohol bath, sectioned in a cryostat at the thickness of 4 #, "stained" 
with  fluorescein-labeled rabbit  anti-BSA,  and  photographed  in  ultraviolet  light 
microscope.  The fluorescent globulin is localized along the capillary walls with beaded 
appearance, which resemble the deposits se~n by electron microscopy in Figs.  4,  5, 
9, and 10.  X  350. TIlE 7OURNAL OF EXPERIMENTAL MEDICINE VOL. 117  eLATE 33 
(Andres  et  a/.: Nephritis studied with ferritin-conjugated antibody) PLATE 34 
FIG. 10. Cross-section of a  capillary wall from rabbit 6-3,  17 weeks after the start 
of injections. The  following are  seen: the capillary lumen (c), the endothelium (EN), 
the basement membrane (BM), and a  large deposit (dep) of  foreign material. The 
urinary space (S) is at the bottom left. Ferritin conjugated antibody to BSA is mainly 
concentrated on  the  basement membrane  and  in  the  aggregates of greater  density 
contained  in  the  deposit.  X  71,000. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL. 117  PLAT~ 34 
(Andres  et  o/. :  Nephritis  studied  with ferritin-conjugated  antibody) PLATE 35 
FIG.  11.  Section of frozen kidney tissue from rabbit 7-5 which developed chronic 
glomerulonephritis. The presence of  the  antigen, BSA,  is demonstrated by "stain- 
ing"  with  fluorescein-labeled antibody to  BSA.  X 350. 
FIG.  12.  Section of  frozen  kidney  tissue  from  rabbit  7-5  "stained"  with  duck 
anti-rabbit globulin labeled with fluorescein. Two glomeruli are visible. The intensity 
of the fluorescence  is much less than that seen in Fig. 11. Both fluorescent antisera 
were  coequal in  their  ability to  stain the  specific  antigens. The  "stained"  tissues 
were  photographed,  the  films  developed  and  the  pictures printed under identical 
conditions. Therefore the much less intense "staining" with anti-rabbit globulin must 
be  interpreted to  indicate less  antigen available for  "stainino~."  ×  350. 
FIG.  13.  Frozen section of  kidney tissue from rabbit 6-6 which was in antibody 
excess and died from anaphylactic shock.  Three glomeruli are situated in the central 
and upper  part  of  the  figure.  Fluorescent precipitates are  visible within capillary 
|umina after  staining with  fluorescent antibody to  BSA.  ×  250. 
FIG. 14. Kidney tissue from the same animal illustrated in Fig. 13. The section was 
"stained" with duck anti-rabbit globulin labeled with fluorescein.  Bright fluorescence 
is localized in the capillary lumina and in the capillary walls of two glomeruli. X 250. TIlE  JOURNAL OF  EXPERIM~ENTAL MEDICINE VOL. 117  PLATE 35 
(Andres eta/.:  Nephritis  studied  with  ferritin-conjugated  antibody) PLATE 36 
FIG. 15. The insert illustrates part of a glomerulus from rabbit 6-6. The capillary 
lumina are  almost completely occupied by hyaline material.  PAS staining.  X 250 
The electron micrograph shows parts of two capillaries (c)  from the same rabbit. 
The first (right part of the figure)  contains electron-dense precipitates which occupy 
most of  the lumen. On the lower  right corner a  red blood cell  (R)  and an ob]ique 
section of the endothelium (EN) are visible. In the axial region of the second capillary 
(upper right corner of the figure)  blister-like formations are present.  X  14,000. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL.  117  PLATE 36 
(Andres  et  a/.:  Nephritis  studied  with  ferritin-conjugated  antibody) PLATE 37 
F~G. 16.  The  figure  illustrates kidney  tissue  (rabbit 6-6)  treated  with  ferritin- 
conjugated antibody to  BSA.  The capillary lumen (c)  contains masses  of  electron- 
dense material in which ferritin bound antibody are localized.  Ferritin granules are 
also present in the glomerular basement membrane (BM). A few ferritin granules are 
visible in the endothelial cytoplasm (EN) and in the epithelial foot processes  (EP). 
×  70,00O. TI-IE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 117  PLATE 37 
(Andres  et  al.:  Nephritis  studied  with  ferritin-conjugated  antibody) PLATE 38 
FIG.  17.  The  electron micrograph shows a  kidney section from  the  same  animal 
(rabbit 6-6)  treated with ferritin-conjugated antibody to rabbit globulin. The capil- 
lary (c) is almost completely occupied by electron-dense precipitates tagged by ferritin- 
bound antibody. Ferritin granules are also present in the glomerular basement mem- 
brane (BM). A few ferritin granules are visible in the endothelial (EN} or epithelial 
(EP)  cytoplasms. In  the upper part  of  the figure a  precipitate of foreign material, 
probably resulting from an earlier response to BSA, is situated between the basement 
membrane  and  the  epithelial  foot  processes.  No  ferritin-conjugated  antibody  is 
visible  in  this  area.  ×  50,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  117  PLATE  38 
(Andres  eta/.:  Nephritis  studied  with  ferritin-conjugated antibody) PLATE 39 
FIG. 18. One glomerular capillary (6) wall from a normal rabbit kidney treated with 
ferritin-conjugated antibody to BSA.  A few ferritin granules are visible in the base- 
ment membranes (BM).  X 45,000. 
FIG.  19.  Electron micrograph which  shows  parts  of  two  capillaries from  rabbit 
6-6, after treatment with ferritin-conjugated antibody to rat  globulin. The electron 
dense precipitates,  visible'in the  lumina (c),  contain only a  few  ferritin granules. 
Ferritin is localized  on a red blood cell (R)  situated on the upper right corner of the 
figure.  X 45,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL,  117  PLATE  39 
(Andres  et  al.:  Nephritis  studied  with  ferritln-conjugated antibody) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  117  PLATE  40 
(Broberger and Perlmann: Ulcerative colitis, l) 